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EMISSIVE SENSORS AND DEVICES INCORPORATING THESE SENSORS 

Related Applications 
This application is a continuation-in-part of U.S. Patent Application Serial No. 
10/680,714, filed October 7, 2003, titled "Emissive Sensors and Devices 
5 Incorporating These Sensors," by Timothy M. Swager et aL, which application is a 
continuation-in-part of U.S. Patent Application Serial No. 10/324,064, filed 
December 18, 2002, entitled "Emissive Polymers and Devices Incorporating These 
Polymers," by Timothy M. Swager et aL, which application is a continuation of U.S. 
Patent Application Serial No. 09/305,379, filed May 5, 1999, entitled "Emissive 
10 Polymers and Devices Incorporating These Polymers," by Timothy M. Swager et aL, 
which application claims the benefit of U.S. Provisional Application Serial No. 
60/084,247, filed May 5, 1998, entitled "Shape Persistent Polymers with High 
Fluorescence and Stability," by Timothy M. Swager et al All of these applications 
are incorporated herein by reference. 
15 Federally Sponsored Research 

This invention was sponsored by the Department of Energy, Grant No. DE- 
FG07-01 ID 14222, and the Army Research Office, Grant No. DAAD 19-99- 1-0280. 
The Government may have certain rights to this invention. 

Field of the Invention 
20 The present invention relates to luminescent and optically absorbing 

compositions, including solid films incorporating these compositions, exhibiting 
increased luminescent lifetimes, quantum yields and/or amplified emissions. The 
present invention also relates to a sensor and a method for sensing an analyte through 
the luminescent and optically absorbing properties of those compositions and/or 
25 precursors of those compositions. 

Background of the Invention 
Chemical sensors are devices that detect the presence and/or level of a 
particular chemical species (an "analyte") in the air, water, or another medium. There 
is a high demand for chemical sensor devices able to detect low concentration levels 
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of analytes in the liquid and/or gaseous phases. Specificity to particular anaiytes (the 
ability of a sensor to distinguish one species from another) is also generally desired. 

Chemical sensor devices often involve luminescent materials because 
luminescence lifetimes and intensities can be sensitive to the presence of an external 
5 analyte. A typical sensor of this type includes a binding site where an analyte binds to 
a composition or precursor on the sensor, and this binding affects the intensity and/or 
wavelength of luminescence of a luminescent material in the sensor in a manner that 
is observable. Fluorescent materials are one class of luminescent materials that are 
particularly useful for sensor devices because their fluorescence and/or other physical 

10 properties can be optimized and/or tailored for particular analytes through chemical 
structure changes of the material, i.e., their sensitivity to a particular analyte can be 
controlled. Fluorescent materials are able to fluoresce in some cases because they are 
capable of delocalizing electronic charge throughout a substantial portion of the 
material through electron pi-conjugation, via a pi-conjugated portion comprising a set 

15 of orbitals that can function as a valence band. The energy difference between the 
valence band and non-valence or conduction bands of the material is generally 
referred to as a "band gap," and energy transitions of electrons between these levels 
can cause fluorescence. Other energy levels of the material may also be available in 
the band gap or in higher energy levels having antibonding character. 

20 Because electronic charge delocalization through pi-conjugation of fluorescent 

materials results in the formation of various elevated energy levels, a variety of 
excited state structures are available upon absorption of external excitation energy by 
the fluorescent material. The luminescence yields of these excited state structures 
generally depends on the structure. The luminescence of some materials can be 

25 "quenched" by the presence of an analyte capable of absorbing the excitation energy 
contained by the material, resulting in the material returning to a ground state without 
causing luminescence. The analyte can be externally or internally located within the 
material. One example of such quenching is through a pi-stacking mechanism. In a 
pi-stacking mechanism, atoms involved in pi-conjugation can be positioned on top of 

30 other moieties having geometrically accessible pi-orbitals, thereby forming a pathway 
for energy transfer that allows quenching to occur. 
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Summarv of the Invention 



The present invention generally relates to compositions and/or precursors of 
those compositions capable of emitting radiation and exhibiting increased luminescent 
lifetimes and/or quantum yields. The subject matter of this invention involves, in 
5 some cases, interrelated products, alternative solutions to a particular problem, and/or 
a plurality of different uses of a single system or article. 

In one aspect, the invention is a composition. The composition, in one set of 
embodiments, includes a compound able to react with an agent having a structure: 



10 where G is an electrophilic atom, at least one E in the structure is electron- 
withdrawing, and M is a chalcogen or NR, R being an alkyl, to produce a product 
having greater emissivity than the compound. In some cases, the product may 
comprise at least a portion of the compound that has been cyclized upon reaction 
with the agent. 

15 In another set of embodiments, the composition includes a compound having a 



where ^ comprises an organic moiety, q is one of nitrogen or oxygen, and Y is one 
of H or SiRs, each R independently being one of hydrogen and an organic moiety. In 
20 one embodiment, at least a portion of the compound is able to cyclize upon reaction 
of the compound with an electrophile able to transform OY into an alkylating agent. 
In another embodiment, the compound is able to react with a species having a 




structure: 





structure: 



M 



E^^ or ^e2, 

where G is an electrophilic atom, at least one E in the structure is electron- 
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withdrawing, and M is a chalcogen or NR, R being an alkyl, to produce a product 
having a structure E — OY. 

The composition includes, in yet another set of embodiments, a compound 
able to react with an agent comprising an electrophilic phosphorous, sulfur, or 
5 arsenic atom to produce a product having greater emissivity than the compound, 
where the product includes at least a portion of the compound that has been cyclized 
upon reaction with the electrophilic phosphorous, sulfur, or arsenic atom. In another 
set of embodiments, the composition includes a compound able to react with an 
agent comprising electrophilic phosphorous, sulfur, or arsenic atom to produce a 

10 product having a smaller band gap than the compound, where the product includes at 
least a portion of the compound that has been cyclized upon reaction with the 
electrophilic phosphorous, sulfur, or arsenic atom. In still another set of 
embodiments, the composition includes a substantially non-emissive compound able 
to react with an electrophile to produce an emissive compound. 

15 The composition, in accordance with one set of embodiments, includes a 

compound having at least two conjugated groups connected by a single covalent 
bond, where the conjugated groups are able to rotate about the single covalent bond 
independently of each other, and where the conjugated groups are not in substantial 
pi-conjugation with each other. In some cases, the compound is able to react with an 

20 electrophile to produce a product in which the two conjugated groups are connected 
such that the ability of the two conjugated groups to rotate independently of each 
other is diminished. 

In another set of embodiments, the composition includes a compound having a 
structure: 
25 Cj^— Cj2— OY, 

where Cj^ and Cj^ each independently are conjugated groups not in substantial pi- 
conjugation with each other, and Y is one of H or SiRa, each R independently being 
one of hydrogen and an organic moiety. In one embodiment, the compound is able 
to react with an electrophile such that Cj^ and Cj^ become substantially pi-conjugated 
30 with each other. The compound, in another embodiment, the compound is able to 



react with an electrophile comprising an electron-withdrawing substituent E to 
produce a product having a structure E — OY, 

The composition, in yet another set of embodiments, includes a polymer 
having a structure: 



where I is a substantially pi-conjugated polymer backbone, Cj is non-existent or 
comprises at least one conjugated group, and J is a moiety not substantially pi- 
conjugated with I. In one embodiment, J is able to react with an electrophile such 

that J becomes substantially pi-conjugated with at least one of I and Cj, if present, 
upon reaction with the electrophile. In another embodiment, the polymer may have 
an emissivity that is altered upon reaction of J with an electrophile. 

In accordance with another set of embodiments, the composition may include 
a sensor comprising a compound reactive with an electrophile. The compound, in 
certain cases, is able to react with the electrophile to form a non-preexisting product 
having increased conjugation relative to any compound involved in the reaction. 

According to another set of embodiments, the compound has a structure 
A — OY, where A comprises an organic moiety, and Y is one of H or SiRa, each R 
independently being one of hydrogen and an organic moiety. In certain 
embodiments, the compound is able to react with a structure G — E, G being an 
electrophilic moiety and E being electron-withdrawing, to produce at least a first 
product that is cyclic and a second product having a structure E — OY. 

The composition, in still another set of embodiments, includes a compound 
able to react with an electrophile to produce a product having a structure: 



where at least one or more of A^\ A^^, A^^, A^, A^^, and A^^ comprises at least one 




Cj — J 




conjugated group, and each of Bl and B2 is a single bond or a double bond such that 
B 1 and B2 both are not double bonds. The composition, in accordance with yet 
another set of embodiments, includes a compound able to react with an electrophile 
to produce a product having a structure: 



A101 




where at least one or more of A'"\ A*"% A'^^ A'^\ A'"^ and A'"^ is one of hydrogen 
or an organic moiety. 

The composition, in still another set of embodiments, includes a compound 
having a structure: 




where Y is one of H or SiRs, each R independently being one of hydrogen and an 
organic moiety. At least one or more of A\ A^, A*^, A"*, A^, A^, A^, and A^ includes 
at least one conjugated group. In some cases, the compound is able to react with an 
electrophile such that OY leaves the compound. 

In one set of embodiments, the composition includes a compound having a 
structure EP — ER — OY, where EP includes an electron-poor moiety relative to ER, 
ER includes an electron-rich moiety relative to EP, and Y is one of H or SiRs, each R 
independently being one of hydrogen and an organic moiety. The compound, in one 
embodiment, is able to react with an electrophile to produce a product having greater 
emissivity than the compound. The compound, in another embodiment, is able to 
react with an electrophile to produce a product having a quantum yield of at least 
about 30%. 



In another aspect, the invention is a method. The method, in accordance with 
one set of embodiments, includes reacting a compound with an electrophile to 
produce a product having a greater emissivity than the compound, where the product 
includes at least a portion of the compound that has been cyclized upon reaction with 
the electrophile. In accordance with another set of embodiments, the method 
includes reacting a compound with an electrophile to produce a product having a 
smaller band gap than the compound, where the product comprises at least a portion 
of the compound that has been cyclized upon reaction with the electrophile. 

In another set of embodiments, the method includes reacting a compound 
having at least two conjugated groups connected by a single covalent bond, the 
conjugated groups being not in substantial pi-conjugation with each other and 
thereby being able to rotate about the single covalent bond independently of each 
other, with an electrophile to produce a product in which the two conjugated groups 
are connected such that the ability of the two conjugated groups to rotate 
independently of each other is diminished. The method, in yet another set of 
embodiments, includes reacting a substantially non-emissive compound with an 
electrophile to produce an emissive compound. 

The method, according to still another set of embodiments, is defined, at least 
in part, by cyclizing at least a portion of a compound by reacting the compound with 
an electrophile, where the compound having a structure: 



one of H, an alkyl group, an alkoxy group, and SiRs, where each R independently is 
one of hydrogen and an organic moiety. 

The method, in another set of embodiments, comprises reacting a compound 
having a structure: 




where 



c 



comprises an organic moiety, Q is one of nitrogen or oxygen, and Y is 
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where ^ comprising an organic moiety, Q is one of nitrogen or oxygen, and Y is 
one of H, an alkyl group, an alkoxy group, and SiRa, each R independently being one 
of hydrogen and an organic moiety, a species having a structure: 

M M 

5 or ^e2, 

where G is an electrophilic atom, at least one E in the structure is electron- 
withdrawing, and M is a chalcogen or NR, R being an alkyl, to produce a product 
having a structure E — OY. 

According to another set of embodiments, the method includes reacting a 
10 compound having a structure: 

Cj^— Cj2— OY, 

where Cj^ and Cj^ each independently are conjugated groups not in substantial pi- 
conjugation with each other, and Y is one of H, an alkyl group, an alkoxy group, and 
SiRa, each R independently being one of hydrogen and an organic moiety, with an 
15 electrophile such that Cj^ and Cj^ become substantially pi-conjugated with each 

other. The method, in yet another set of embodiments, includes reacting a compound 
having a structure: 

Cj^— Cj2— OY, 

where Cj^ and Cj^ each independently are conjugated groups not in substantial pi- 
20 conjugation with each other, and Y is one of H, an alkyl group, an alkoxy group, and 

SiRa, each R independently being one of hydrogen and an organic moiety, with an 

electrophile comprising an electron-withdrawing substituent E to produce a product 

having a structure E — OY. 

In yet another set of embodiments, the method includes reacting a compound 
25 with an electrophile to produce a product having a structure: 
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where at least one or more of A^^, A^^, A^'*, A^^, and A^^ comprise at least one 
conjugated group, and each of Bl and B2 is a single bond or a double bond such that 
Bl and B2 both are not double bonds. In still another set of embodiments, the 
method includes reacting a compound with an electrophile to produce a product 
having a structure: 



where at least one or more of A , A , A , A , A , and A is one of hydrogen 
or an organic moiety. 

According to another set of embodiments, the method comprises reacting a 
compound having a structure: 



with an electrophile such that OY leaves the compound. In this structure, at least one 
or more of A\ A^, A^, A"*, A^, A^, A^, and A^ comprises at least one conjugated 
group, and Y is one of H, an alkyl group, an alkoxy group, and SiRs, each R 
independently being one of hydrogen and an organic moiety,. 

In another set of embodiments, the method includes reacting a compound 
having a structure A — OY, where A comprises an organic moiety and Y is one of H, 
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an alkyl group, an alkoxy group, and SiRa, each R independently being one of 
hydrogen and an organic moiety, with a structure G — E, G being an electrophilic 
moiety and E being electron-withdrawing, to produce at least a first product that is 
cyclic and a second product having a structure E — OY. 

According to yet another set of embodiments, the method, comprises reacting 
a compound having a structure EP — ER — OY, where EP comprises an electron-poor 
moiety relative to ER, ER comprises an electron-rich moiety relative to EP, and Y is 
one of H, an alkyl group, an alkoxy group, and SiRs, each R independently being one 
of hydrogen and an organic moiety, with an electrophile to produce a product having 
greater emissivity than the compound. The method, according to still another set of 
embodiments, comprises reacting a compound having a structure EP — ER — OY, 
where EP comprises an electron-poor moiety relative to ER, ER comprises an 
electron-rich moiety relative to EP, and Y is one of H, an alkyl group, an alkoxy 
group, and SiRa, each R independently being one of hydrogen and an organic moiety, 
with an electrophile to produce a product having a quantum yield of at least about 



The method, in another set of embodiments, includes providing a polymer 
having a structure: 



where I is a substantially pi-conjugated polymer backbone, Cj is non-existent or 
comprises at least one conjugated group, and J is a moiety not substantially pi- 
conjugated with I. Li one embodiment, the method also includes reacting J with an 

electrophile such that J becomes substantially pi-conjugated with at least one of I and 
Cj, if present. In another embodiment, the method includes reacting J with an 
electrophile to alter an emissivity of the polymer. 

The method, in one set of embodiments, can be defined, at least in part, by 
exposing a sensor comprising a compound reactive with an electrophile to a medium 
suspected of containing the electrophile. The method also can include, when the 
electrophile is present in the medium at at least a detectable level, reacting the 



40%. 
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electrophile with the compound to form a non-preexisting product having increased 
conjugation relative to any compound involved in the reaction. The method further 
includes, in some cases, determining the increased conjugation thereby determining 
the electrophile in the medium. 
5 Other advantages, novel features, and objects of the invention will become 

apparent from the following detailed description of the invention when considered in 
conjunction with the accompanying drawings, which are schematic and which are 
not intended to be drawn to scale. In the figures, each identical or nearly identical 
component that is illustrated in various figures is represented by a single numeral. 
10 For purposes of clarity, not every component is labeled in every figure, nor is every 
component of each embodiment of the invention shown where illustration is not 
necessary to allow those of ordinary skill in the art to understand the invention. In 
cases where the present specification and a document incorporated by reference 
include conflicting disclosure, the present specification shall control. 
15 Brief Description of the Drawings 

Non-limiting embodiments of the present invention will be described by way 
of example with reference to the accompanying figures, which are schematic and are 
not intended to be drawn to scale. In the figures: 

Fig. 1 shows a schematic of a film having a chromophore positioned on the 
20 surface of the film; 

Figs. 2A-2C schematically show amplified emission of various compositions 
of the invention in series; 

Figs. 3 A-3G show examples of groups that are reactive with phosphate ester 
groups, according to one embodiment of the invention; 
25 Fig. 4 shows a device, in accordance with one embodiment of the invention, 

comprising a transparent support coated with a film capable of amplifying emission 
through sequential emission and re-absorption cycles; 

Figs. 5 A-5C illustrate certain compositions/precursors of the invention; 
Fig. 6 illustrates absorption and emission spectra for a specific composition of 
30 the invention; 



I 
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Figs. 7A and 7B illustrate emission spectra of another composition of the 
invention; 

Fig, 8 is a photocopy of a photograph of the fluorescence of a specific 
composition of the invention used to detect certain chemical warfare indicators, along 
5 with the associated reaction, in accordance with one embodiment of the invention; 

Fig. 9 illustrates a reaction of another embodiment according to the invention; 
Fig. 10 illustrates the response with respect to time of a composition according 
to an embodiment of the invention; and 

Figs. 11 A-1 ID illustrate various chemical reactions used in certain 
10 embodiments of the invention. 

Detailed Description 
The present invention generally relates to luminescent and/or optically 
absorbing compositions and/or precursors to those compositions, including solid films 
incorporating these compositions/precursors, exhibiting increased luminescent 
15 lifetimes, quantum yields, enhanced stabilities and/or amplified emissions. The 
present invention also relates to sensors and methods for sensing analytes through 
luminescent and/or optically absorbing properties of these compositions and/or 
precursors. Examples of analytes detectable by the invention include, but are not 
limited to, electrophiles, alkylating agents, thionyl halides, and phosphate ester groups 
20 including phophoryl halides, cyanides and thioates such as those found in certain 
chemical warfare agents. The present invention additionally relates to devices and 
methods for amplifying emissions, such as those produced using the above-described 
compositions and/or precursors, by incorporating the composition and/or precursor 
within a polymer having an energy migration pathway. 
25 The following applications are incorporated herein by reference in their 

entirety: U.S. Patent Application Serial No. 10/324,064, filed December 18, 2002, 
entitled "Emissive Polymers and Devices Incorporating These Polymers," by Timothy 
M. Swager, etal.\ U.S. Patent Application Serial No. 09/305,379, filed May 5, 1999, 
entitled "Emissive Polymers and Devices Incorporating These Polymers," by Timothy 
30 M. Swager, et ai; and U.S. Provisional Patent Application Serial No. 60/084,247, 
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filed May 5, 1998, entitled "Shape Persistent Polymers with High Fluorescence and 
Stability," by Timothy M. Swager, et al. 

In one aspect, the invention provides a sensor that is capable of detecting an 
analyte. As used herein, a "sensor" refers to any device or article capable of detecting 
5 the analyte, i.e., by producing a detectable signal (e.g., an enhanced optical or visual 
signal) upon interaction or reaction of the sensor or a component thereof with the 
analyte. For example, the sensor may include a composition and/or precursor able to 
react with an analyte that results in a detectable change in a physical characteristic of 
the composition or precursor, e.g., a change in emissivity or a change in band gap of 

10 the composition. 

In some embodiments, the composition and/or precursor of the composition 
includes a chromophore. As used herein, a "chromophore" refers to a species or 
moiety capable of absorbing and/or emitting electromagnetic radiation, for example, 
through fluorescence emission or absorption. In some cases, the chromophore is 

15 capable of absorbing and/or emitting electromagnetic radiation in the UV and/or 
visible range, e.g., where the absorbed and/or emitted energy of the composition 
involves excited electronic states. A chromophore within or associated with the 
composition/precursor can have different functions. For example, a physical 
characteristic of the chromophore can be affected by an interaction of the composition 

20 with an analyte. This type of chromophore may be referred to as a "signaling 

chromophore" or a "reporter chromophore," which reports the interaction with the 
analyte as a change in the physical characteristic that can be detected or measured. A 
reporter chromophore may be bonded to the composition/precursor, the reporter 
chromophore may be an external molecule associated with the composition/precursor, 

25 etc. In some cases, the signaling chromophore in a precursor may not be detectable 
until the precursor has interacted with an analyte to form a composition. As used 
herein, a "precursor" is a compound that is capable of reacting with an analyte, but 
has not yet reacting with the analyte. A chromophore may also function to transport 
excitation energy to a portion of the composition/precursor and is referred to, in this 

30 instance, as a 'transporter chromophore." 
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If the chromophore is or includes a conjugated group, the extent of delocalized 
bonding within the conjugated group may allow the existence of a number of 
accessible electronic excited states. If the conjugation of a composition containing 
the chromophore is sufficiently extensive so as to be able to produce a near continuum 
5 of excited states, the electronic excitations of the composition may involve a valence 
band, the highest fully occupied band, and a conduction band. The energy difTerence 
between the highest fully occupied band and the conduction band is typically referred 
to as the "band gap." In some cases, band gaps of the composition (or precursor) may 
be tailored and/or controlled by varying the molecular structure and/or providing 

10 different substituent groups within the composition or precursor, as is known to those 
of ordinary skill in the art. 

In one set of embodiments of the invention, the chromophore is or includes a 
conjugated group. A "conjugated group," as used herein, refers to an interconnected 
chain of at least three atoms, each atom participating in delocalized pi-bonding. For 

15 example, the chain of three atoms may be a chain of three carbon atoms participating 
in delocalized pi-bonding, a chain of four or more carbon atoms participating in 
delocalized pi bonding, a ring of carbon atoms (optionally including nitrogen atoms or 
the like) participating in delocalized pi bonding, two carbon atoms and a nitrogen 
atom participating in delocalized pi bonding, etc. In some cases, the conjugated group 

20 includes at least one aromatic structure, for example, a benzene ring or a pyridine 

ring. As used herein, "aromatic" is given its ordinary definition as used in the field of 
organic chemistry. Other non-limiting examples of aromatic structures include 
naphthalene rings, anthracene rings, pyridine rings, quinoline rings, thiophene rings, 
furans, quinolizine rings, coumarins, iptycene moieties, etc. In some cases, the 

25 conjugated group may be schematically represented by structures such as: 




where the dotted lines within the molecular structures indicate delocalized pi-bonding 
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between the atoms of the conjugated group (i.e., the presence of conjugated 
single/double bonds). 

In a conjugated group, the electron density or electronic excitations can be 
transported along portions of the conjugated group where the electrons have been 
5 "delocalized." Each p-orbital participating in conjugation of a conjugated group may 
have sufficient overlap with adjacent conjugated p-orbitals, thus creating pi- 
conjugation. In one embodiment, the conjugated portion of the conjugated group is at 
least about 20 A or 25 A in length, and in some cases at least about 30 A or 35 A in 
length. Typically, atoms directly participating in pi-conjugation define a plane, the 

10 plane arising from a preferred arrangement of the p-orbitals to maximize p-orbital 
overlap, thus maximizing conjugation and electronic delocalization within the 
conjugated group. Thus, the composition and/or precursor may have at least one 
"plane" of conjugated atoms therein, and in some cases, two or more separate 
"planes" of conjugated atoms, i.e. if more than one conjugated group is present within 

15 the composition or precursor. In some cases, the composition or precursor has at least 
a first conjugated group and a second conjugated group not substantially pi- 
conjugated with the first conjugated group. In some cases, the two conjugated groups 
may be connected by a single bond, and/or be able to move or rotate independently of 
each other. As used herein, two conjugated groups that are "substantially pi- 

20 conjugated" have enough pi-conjugation between the two conjugated groups such that 
independent movement and/or rotation of the two conjugated groups with respect to 
each other is generally impeded by that conjugation. Conversely, when two 
conjugated groups are not substantially or "weakly" pi-conjugated, some pi- 
conjugation may exist between the two conjugated groups, but that pi-conjugation 

25 between the two conjugated groups is insufficient to prevent or restrain independent 
movement and/or rotation of the conjugated groups with respect to each other, for 
example, due to thermal or vibrational energy. 

Another set of embodiments provides for the reduction of pi-stacking 
interactions in a composition or precursor of the invention, for instance through the 

30 formation of rigid groups or structures in the composition/precursor, for example in 
response to an interaction of the composition/analyte with an analyte. As used herein. 
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"pi-stacking" refers to the cofacial interactions between pi-orbitals of two or more 
conjugated groups. For example, two benzene rings, a benzene ring and a double bond 
or a triple bond, two double bonds or two triple bonds, or the like may interact with 
each other in such a way as to cause pi-stacking of the two or more conjugated 
5 groups. In some cases, the creation of reduced pi-stacking within the composition 
from the precursor may result in increased quantum yields and/or luminescence 
lifetimes of the composition, relative to the precursor. These enhanced properties 
may be achieved in some cases when the composition is provided within a solid-state 
material, e.g., a film. A pi-stacking arrangement may facilitate energy transfer and/or 

10 increase the likelihood of quenching within the composition or precursor. 

"Rigid groups," as used herein, refers to groups or structures that do not easily 
rotate about a bond axis, hi one embodiment, the rigid group or structure rotates no 
more than about 180°, in some cases no more than about 120°, in some cases no more 
than about 60°, and in some cases no more than about 30° about a bond axis, hi some 

15 cases, the rigid group or structure is prevented from any substantial rotation about the 
band axis. Li one set of embodiments, a rigid structure may be caused by a chemical 
bond or structure that resists rotation, for example, a double bond or a triple bond, a 
cyclic structure, a benzene ring, an aromatic group, etc. In another set of 
embodiments, a rigid structure may be caused by steric interactions within a molecule 

20 or between molecules, for example, through large or bulky groups, such as ^butyl 
groups, iptycenes or tripytcenes, that are not generally able to freely rotate, for 
instance, due to interactions of such structures with other bulky groups. In yet another 
set of embodiments, a rigid group may be defined through the creation of a cyclic 
structure from an acyclic structure within the composition or precursor. 

25 In some embodiments of the invention, two separate conjugated groups within 

a composition or precursor may not be in substantial pi-conjugation with each other, 
but upon reaction (or other interaction) of the composition or precursor with an 
analyte, conjugation between the two conjugated groups may be created and/or 
substantially enhanced, for example, in cases where the two conjugated groups can 

30 participate in delocalized pi-bonding with each other such that they can be considered 
to be a single conjugated group. In certain embodiments of the invention, the 
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composition or precursor may include two or more conjugated groups able to move 
and/or rotate with respect to each other, where at least a portion of the 
composition/precursor becomes rigid after the composition/precursor has interacted 
with an analyte. In some cases, the two or more conjugated groups may be prevented 

5 from being able to move and/or rotate with respect to each other after interaction of 
the composition/precursor with the analyte. A rigid composition or precursor (or a 
portion thereof) may be sufficiently rigid such that the composition or precursor is 
able to remain luminescent or optically absorbing (or potentially luminescent and/or 
optically absorbing) despite alterations in the surrounding environment. For instance, 

10 in some embodiments, the rigid composition or precursor is rigid to the extent that the 
bond arrangement or connectivity of the composition or precursor does not 
substantially change over time, e.g., upon exposure to a solvent or upon heating to a 
temperature of no more than 100 °C or 150 °C (of course, characteristics such as the 
vibrational energy of the composition or precursor may be altered upon exposure to 

15 heat energy). In certain instances, an optical characteristic of the composition or 

precursor, such as the luminescence, and/or the optical absorption of the composition 
or precursor, does not substantially change more than about 20%, more than about 
10%, or more than about 5%, with respect to time, e.g., upon exposure to a solvent or 
upon heating. That is, the rigidity of the composition or precursor is not affected by 

20 external conditions. In some cases, the exposure of the composition or precursor to a 
solvent or heating, without affecting rigidity, occurs over a period of time of about 5 
min, preferably over a period of time of about 10 min, more preferably about 15 min, 
more preferably about 30 min, and more preferably still about 1 h or more. As an 
example of rigidity, a composition or precursor may be characterized by a first optical 

25 spectrum having at least one maximum or maxima. The composition/precursor is 
then exposed to a solvent or heated to a temperature of less than about 150 °C and a 
second optical spectrum is obtained. A maximum or maxima in the first spectrum 
may differ by no more than about 1 5 nm from a corresponding maximum or maxima 
in the second spectrum, and, in some cases, the maxima between the spectra may 

30 differ by no more than about 10 nm or no more than about 5 nm. In some cases, the 
maxima in the second spectrum may have an intensity change of less than about 10%, 
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relative to the maxima in the first spectrum, and in some instances the intensity 
change is less than about 20%, less than about 15% or less than about 10% relative to 
the maxima in the first spectrum. 

In one set of embodiments, a composition including a chromophore can absorb 
5 energy, e.g., from a quantum of electromagnetic radiation, i.e., where the absorbed 
energy is present within the composition as "excitation" energy, to cause the 
composition/precursor to achieve an "excited*' state. In one embodiment, the 
composition/precursor is an emissive polymer or other emissive composition capable 
of emitting radiation, as further described below. As used herein, "emissive" and 

10 "emissivity" are given their ordinary meaning as used in the art, e.g., the amount of 
energy (typically in the form of light energy or other forms of electromagnetic 
radiation) produced by the composition, for instance, as measured with respect to the 
energy used to excite the composition. In some cases, a chromophore of the 
composition is emissive. A composition that is "emissive" may be able to re-emit a 

15 significant amount of the energy incident to the composition, e.g., as electromagnetic 
radiation. For example, an emissive composition may have a quantum yield of at 
least about 20%, at least about 25%, at least about 30%, least about 35%, at least 
about 40%, at least about 45%, or at least about 50%, where "quantum yield" refers to 
a number of photons emitted per photon adsorbed by the composition. In contrast, a 

20 "substantially non-emissive" composition or precursor is not able to re-emit a 

significant amount of the energy incident to the composition or precursor, but instead 
loses the energy in some other fashion, e.g., through vibrational changes, as heat or 
kinetic energy, structural changes, etc. 

In some embodiments, a composition of the invention includes a chromophore 

25 has a quantum yield of at least about 0.05 times the quantum yield of the composition 
or precursor in solution, in some cases at least about 0.1 times the quantum yield in 
solution, in some cases at least about 0.15 times the quantum yield in solution, in 
some cases at least about 0.2 times the quantum yield in solution, in some cases at 
least about 0.25 times the quantum yield in solution, in some cases at least about 0.3 

30 times the quantum yield in solution, in some cases at least about 0.4 times the 
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quantum yield in solution, and in some cases at least about 0.5 times the quantum 
yield in solution. 

In one set of embodiments, the emitted radiation is emitted as luminescence, in 
which "luminescence" and "luminescent" are given their ordinary meanings as used 
5 in the art. Luminescent emissions may include emissions of ultraviolet or visible 
radiation. Specific types of luminescence include "fluorescence," in which a time 
interval between absorption and emission of visible radiation ranges from about 10"'^ 
s to about 10"^ s. "Chemiluminescence" refers to luminescent emission of 
luminescent radiation due to a chemical reaction, and "eiectrochemi luminescence" 

10 refers to emission of luminescent radiation due to an electrochemical reaction. 

Typically, fluorescence is "quenched" when a chromophore in an excited state 
is exposed to an "acceptor" species that can absorb energy from the excited state 
chromophore. The excited state chromophore then returns to a ground state due to 
nonradiative processes (i.e., without emitting radiation), resulting in a reduced 

15 quantum yield. Thus, an excited state chromophore can ftinction as a "donor" species 
in that it transfers energy to the acceptor species. The acceptor species can be an 
external molecule such as another composition or precursor, or an internal species 
such as another portion of the same composition. 

In one set of embodiments, by reducing the extent of luminescent quenching, 

20 luminescence lifetimes may be increased and excitation energies may be able to travel 
along a longer pathway within a composition of the invention. This pathway can be 
referred to as an "energy migration pathway," which is a pathway that can efficiently 
transport excitation energy therethrough, such as electronic excitation energy. In 
some cases, the energy migration pathway can be defined by one or a series of atoms. 

25 In one embodiment, the pathway has a length of at least about 20 A or about 30 A. In 
some cases, the energy migration pathway may have a length of at least about 40 A or 
a length of at least about 50 A. In some cases, the pathway may comprise a series of 
atoms having a series of electronic energy states accessible to the excitation energy to 
be transported. 

30 Accompanying this advantageous feature of longer pathways and lifetimes of 

a composition of the invention is enhanced amplification of emission. The 
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amplification of emission may be related to a distance over which excitation energy 
can travel along an energy migration pathway. Thus, another aspect of the present 
invention provides a method for amplifying an emission. The method involves 
providing an article comprising a composition having an energy migration pathway 
5 and a chromophore. In one embodiment, the chromophore can be a reporter 

chromophore. The energy migration pathway can include conjugated groups in some 
cases. Exposing the article comprising the composition to a source of energy forms 
an excitation energy within the composition which is allowed to travel through the 
energy migration pathway. The excitation energy can travel through the migration 

10 pathway and be transferred to a chromophore in electronic communication with the 
energy migration pathway, whereby an enhanced radiation can be emitted from the 
chromophore. An excitation energy can be transferred from the migration pathway to 
the chromophore if the chromophore is in electronic communication with the 
pathway, i.e. the chromophore has an accessible energy state by which the excitation 

15 energy traveling through the migration pathway can be transferred to. Thus, the 

emission of any number of compositions can be enhanced using certain embodiments 
of the invention. In one embodiment, energy migration may be enhanced if energy 
migration occurs in a direction along an energy migration pathway where the atoms 
along the pathway have a HOMO-LUMO gap therein which continually or generally 

20 decreases as migration proceeds. Energy can also be transferred from the energy 
migration pathway to a reporter chromophore to cause an emission of radiation from 
the chromophore associated with the excitation energy. In one embodiment, the 
reporter chromophore can be bonded to or associated with a composition (or 
precursor) in some fashion. For example, if the composition (or precursor) is a 

25 polymer, the reporter chromophore may be bonded to the polymer as a portion of the 
backbone as a pendant side group, etc. In another embodiment, the reporter 
chromophore is a molecule external to the composition, but able to communicate 
energetically and/or electronically with the composition. 

In one set of embodiments, an emission from a reporter chromophore (e.g., 

30 produced by the above-described mechanism) is greater than an emission from a 
reporter chromophore in a composition or precursor that is free of an energy 
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migration pathway. A composition or precursor that is "free of an energy migration 
pathway" typically refers to compositions or precursors that are incapable of 
efficiently transporting excitation energies therethrough, e.g., polymers having a 
completely carbon-based saturated backbone lacking pendant chromophores, etc. 
5 The energy transfer from the energy migration pathway to the reporter 

chromophore may be facilitated or even amplified in some instances if the reporter 
chromophore has a HOMO-LUMO gap less than at least a portion of the energy 
migration pathway. In certain cases, to enhance migration or amplification of energy, 
the reporter chromophore may have a HOMO-LUMO gap less than the HOMO- 

10 LUMO gap of a substantial portion of the energy migration pathway, for instance, to 
maximize the distance that the excitation energy is able to travel along an energy 
migration pathway before being transferred to the reporter chromophore. 

In one aspect, the invention provides a sensor that is capable of detecting 
electrophiles, i.e., analytes having electrophilic moieties, such as certain chemical 

15 warfare agents and/or insecticides. In some cases, the electrophile can be detected 
while in a gaseous or a liquid phase. Examples of chemical warfare agents that can be 
detected according to the invention include, but are not limited to, sarin, phosgene, 
soman, tabun and thionyl chloride. Other non-limiting examples of electrophiles 
detectable using the compositions and precursors of the invention include, but are not 

20 limited to, the following structures: 
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In one set of embodiments, the sensor is capable of detecting an electrophile 
that includes an electrophilic atom, such as an electrophilic phosphorous, sulfur, or 
arsenic atom (for example, a phosphate ester). In sorne cases, the electrophilic 
phosphorous, sulfur, or arsenic atom has more than one electronegative (i.e., electron- 
withdrawing) substituent on it. Examples of electronegative substituents include, but 
are not limited to, halogens, pseudohalogens, alkoxides, phenols, alkyls, alkenyls, 
alk3myls, or the like. For example, in some cases, the sensor may be capable of 
detecting an electrophile having a structure: 



where E\ and E^ (when present) are electron-withdrawing moieties such as 
halogens, pseudohalogens, or alkoxide groups; G is an electrophilic phosphorous, 
sulfur, or arsenic atom; and M comprises an atom able to form a multiple bond 
(indicated by — ) with G, for example, nitrogen (e.g., an amine) or a chalcogen. In 
some cases, M may be an electron-withdrawing moiety. As an example, if M is 
oxygen, the electrophile may include a phosphate ester or an arsenic ester moiety. As 
used herein, "electrophilic" is given its ordinary definition as used in the art, e.g., a 
compound or moiety able to accept an electron pair from a molecule with which it 
forms a covalent bond. Non-limiting examples of electrophiles having an 
electrophilic phosphorous, sulfur, or arsenic atom include compounds having any of 
the following structures: 





10 
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where Z\ Z^, Z^, and Z"* (when present) each independently is an organic moiety (i.e., 
a moiety containing carbon, for example, an alkyi group, an aryl group, a polymer, 
etc.), M is a chalcogen (e.g., oxygen, sulfur, or selenium), and X is an electron- 
withdrawing moiety, as further described below. If a Z-group (i.e., z\ Z^, Z^, and/or 

15 Z^) is an organic moiety, then the Z-group can be, for example, an alkyl such as a 
linear alkyl, a branched alkyl, a cyclic alkyl, etc., for instance, methyl, ethyl, propyl, 
isopropyl, butyl, isobutyl, pentyl, isopentyl, 1,2,2-trimethylpropyl, cyclopentyl, 
cyclohexyl, cycloheptyl, cyclohexenyl, or the like; an aryl such as paranitrophenyl; an 
alkylaryl; an arylalkyl, etc. 

20 In another set of embodiments, the sensor is capable of detecting an 

electrophile that includes an electrophilic carbon atom multiply-bonded to another 
electrophilic atom. For example, in some cases, the sensor may be capable of 
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detecting an electrophile having a structure: 




where and are electron withdrawing moieties such as halogens. 



pseudohalogens, or alkoxide groups, and M comprises an atom able to form a double 
bond with the carbon atom, for example, nitrogen (e.g., and amine) or a chalcogen, 
such as oxygen or sulfur. Non-limiting examples of such electrophiles include 
compounds having any of the following structures: 



As used herein, terms such as "electron-withdrawing" and "electron-poor" are 
given their ordinary meaning as used in the art, i.e., moieties generally deficient in 
electrons. Non-limiting examples of electron-withdrawing or electron-poor moieties 
include the halogens, amines, NH3, NO2, CN, SCN, OCN, pyridinium, etc. Similarly, 
as used herein, terms such as "electron-donating" and "electron-rich" are also given 
their ordinary meaning as used in the art, i.e., moieties generally having an excess of 
electrons. Non-limiting examples of electron-rich or electron-donating moieties 
include OH, OR, NR2, NH2, thienyl, etc. 

The term "halogen," or equivalently, "halogen atom," as used herein, is given 
its ordinary meaning as used in the field of chemistry. The halogens include fluorine, 
chlorine, bromine, iodine, and astatine. Preferably, the halogen atoms used in the 
present invention are fluorine, chlorine, bromine, or iodine. 

As used herein, an "alkyl" is given its ordinary meaning as used in the field of 
organic chemistry. Alkyl (i.e., aliphatic) groups useful or potentially usefiil for 
practicing the invention can contain any of a wide number of carbon atoms, for 
example, between 1 and 20 carbon atoms, between 1 and 15 carbon atoms, between 1 
and 10 carbon atoms, or between 1 and 5 carbon atoms. In some embodiments, the 





N 
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alkyl group will contain at least 1 carbon atom, at least 3 carbon atoms, at least 5 
carbon atoms, or at least 10 carbon atoms; in some cases, the alkyl group will also 
have at most 10 carbon atoms, at most S carbon atoms, or at most 3 carbon atoms. 
Typically, an alkyl group is a non-cyclic structure. The carbon atoms within the alkyl 

5 moiety may be arranged in any configuration, for example, as a straight chain (i.e., a 
«-alkyl such as methyl, ethyl, propyl, butyl, pentyl, or hexyl) or a branched chain 
(e.g., a r-butyl group, or an isoalkyl group such as an isopropyl group). The alkyl 
moiety may contain only single bonds, or alternatively, may contain one or more 
double or triple bonds, for example, as in an alkene, an alkyne, an alkadiene, an 

10 alkadiyne, an alkynene, etc. The alkyl moiety may also contain one or more 

substituents in some embodiments. For example, in certain embodiments, the alkyl 
group may contain a halogen, an alkoxy (e.g., methoxy or ethoxy), an amine (e.g., a 
primary, secondary, or tertiary amine), or a hydroxide as a substituent. If more than 
substituent is present within the alkyl moiety, then the substituents may each be the 

1 5 same or different. 

As used herein, the term "chalcogen," or equivalently, "chalcogen atom," is 
given its ordinary meaning as used in the field of chemistry. The chalcogens include 
oxygen, sulfur, selenium, tellurium, and polonium. Preferably, the chalcogen atoms 
used in the present invention include one or more of oxygen, sulfur, selenium, or 

20 tellurium. In certain embodiments of the invention, the chalcogen atoms are oxygen, 
sulfur, and selenium; or, in some cases, oxygen and sulfur. 

In some embodiments of the invention, the sensor is capable of detecting an 
analyte that is an electrophile which is, or is able to form, an alkylating agent. As 
used herein, an "alkylating agent" is given its ordinary definition as used in the art, 

25 i.e., an agent that has an alkyl group able to react with a compound such that the alkyl 
group is transferred to the compound and the compound forms a covalent bond with 
the alkyl group (i.e., the compound becomes "alkylated"). In one embodiment, the 
analyte is an electrophile but is not an alkylating agent itself and, upon reaction with a 
composition and/or precursor of the invention, forms an alkylating agent as a by- 



30 product of the reaction. As an example, if the composition has a structure , the 
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electrophile may react with the composition to form an alkylating agent comprising a 
structure OY (i.e., a "strong" electrophile). In another embodiment, the analyte is 
itself an alkylating agent, i.e., the analyte is able to react with a composition and/or 
precursor to directly cause alkylation of the composition/precursor. Examples of such 
5 analytes include, but are not limited to, blister agents such as nitrogen or sulfur 

mustards. In yet another embodiment, an analyte, which may be a nerve agent uch as 
tabun, sarin, or soman, upon reaction with a composition and/or precursor of the 
invention, is converted to a product that includes an alkylating moiety (i.e., the 
product is itself an alkylating agent). The alkylating moiety of the product can, in 
10 some cases, further react in some detectable fashion (e.g., through self-reaction), for 
example, producing a cyclic compound, producing a compound having an altered 
emissivity, etc. 

In one set of embodiments, "activation" of the sensor by an analyte may result 
in a reporter chromophore of the composition having a lower energy resulting in a 

15 decrease in a HOMO-LUMO gap of the composition. In one embodiment, activation 
by an analyte of the composition results in a chromophore having a smaller HOMO- 
LUMO gap than that of at least a portion of the migration pathway and preferably 
smaller than a substantial portion of the migration pathway. Activation of the sensor 
can also be caused when an analyte reacts or otherwise interacts with a composition or 

20 precursor, and the combination of analyte and composition/precursor is capable of 
activating a chromophore within the sensor. In some cases, the activated 
chromophore may be detected by a change in the wavelength and/or intensity in 
emission arising from the chromophore. 

Another set of embodiments of the present invention provides a sensor having 

25 a reporter chromophore capable of emission, wherein the emission is variable and 
sensitive to an electric field of a medium surrounding the chromophore. Selective 
matching of energies involved in the energy migration pathway to a vast array of the 
activated and unactivated chromophores, as described above, can produce enhanced 
emissions. The sensor, in some cases, includes any of the compositions or precursors 

30 described herein. 
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Another set of embodiments of the present invention provides a sensor 
comprising an article including at least one film or layer containing a composition 
and/or precursor as described herein. In some cases, the film or layer may have a 
thickness of less than about 1 millimeter, less than about SOO microns, or less than 
5 about 100 microns. The composition or precursor may include a reporter 

chromophore in certain cases. The article may further comprise an activation site in 
some instances, where the reporter chromophore is capable of activation by an analyte 
interacting with the activation site in some fashion; for example, an energy migration 
pathway within the composition or precursor may allow energy to be transferred 

10 along the pathway from the activation site to the chromophore. In one set of 

embodiments, the film or layer includes nitrocellulose. The composition or precursor 
may be covalently bonded to the film or layer, coated on the film, blended with the 
film, or the like. As on example, the composition or precursor may be linked to the 
film or layer, or a component thereof (e.g., a polymer) through a covalent bond. In 

15 some cases, the linkage between the composition or precursor and the film or layer 
may include an energy migration pathway; in other cases, however, the linkage may 
be free of an energy migration pathway. 

Referring now to Fig. 1, as one example, a sensor according to an embodiment 
of the invention may include inventive composition or precursor 551 having reporter 

20 chromophores 552 positioned thereon. Chromophores 552 can also be dispersed 
within a bulk of composition/precursor 551 in certain cases. Energy 553 incident on 
the sensor may cause composition or precursor 551 to form an excited state having 
excitation energy 555. Excitation energy 555 can be transported in this example 
through migration pathway 550, defined within composition/precursor 551. The 

25 excitation energy can be transferred between various energy states within energy 
migration pathway 550 through a series of atoms or moieties having equivalent or 
decreasing HOMO-LUMO gap progressing towards chromophore 552. If 
chromophore 552 has a HOMO-LUMO gap greater than a HOMO-LUMO gap of at 
least a portion of the energy migration pathway 550, and more preferably greater than 

30 a substantial portion of energy migration pathway 550, energy transfer of energy 555 
between energy migration pathway 550 and chromophore 552 may not occur, and 
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emission 554 may result. If, however, chromophore 552 is activated in some fashion 
by an analyte (not show^n), e.g., as previously described, chromophore 552 may be 
transformed into reporter chromophore 556, where a HOMO-LUMO gap of reporter 
chromophore 556 is less than a HOMO-LUMO gap of at least a portion of the energy 
5 migration pathway 550, and more preferably less than that of a substantial portion of 
energy migration pathway 550. Thus, after interaction of an analyte with 
chromophore 552 to form chromophore 556, energy transfer can occur between 
composition 551 and activated chromophore 556 along energy migration pathway 550 
to cause emission 558, thus indicating the detection of the analyte by the sensor. 

10 As another non-limiting example of a sensor of the invention, a sensor may 

have a composition (or a precursor composition) containing a first chromophore of a 
first color and a second chromophore of a second color. Before activation of the 
sensor by an analyte, the sensor may have the appearance of the first color, or the 
sensor may have an appearance that does not correspond to either the first color or the 

15 second color. Upon activation, e.g., by interacting with an analyte, the first 

chromophore can have a lower energy state (i.e., red-shifted) that may allow optimal 
energy transfer from the first chromophore to the second chromophore in some cases, 
e.g., through an energy migration pathway. The second chromophore may exhibit a 
second color due to the transference of energy fi-om the first chromophore and the 

20 composition overall may thus have the appearance of the second color after 
interaction with analyte. Thus, it is a feature of an embodiment of the present 
invention that a composition can amplify an emission by channeling all of the 
emission through a few activated luminescent chromophores. In this way, only a 
small number of reporter chromophores may need to be activated to effect a total 

25 change in an appearance of the composition. Thus, detection of an analyte by certain 
embodiments can be observed or otherwise detected in some cases, e.g., by a color 
change, and/or a change in luminescence of the composition. 

In one aspect, a composition or precursor of the invention may react with an 
analyte in some fashion that results in an alteration of the atomic structure of the 

30 composition or precursor. In some cases, the film or layer may have a thickness of 
less than about 1 millimeter, less than about 500 microns, or less than about 100 
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microns. In some cases, the analyte may be an electrophile. In one set of 

embodiments, a composition or precursor of the invention may have a structure: 
-OY 




c 



where the structure ^ comprises an organic moiety (e.g., an alkyl, an aryl, an 
alkylaryl, etc.), Q is an atom having a lone pair of electrons that can participate in 
alkylation (e.g., a nitrogen or oxygen atom), and Y is one of H or SiRs, where each of 
the R's of SiRa can independently be hydrogen or an organic moiety, such as an alkyl 



indie 



group. The structure ^ indicates the presence of a series or chain of atoms (i.e., a 
"bond path") present between O and 5, for example, a chain of 4 atoms, 5 atoms, 6 
10 atoms, 7 or more atoms, etc. between O and <i. In some cases, e.g., where there may 
be rings, aromatic and/or conjugated groups (e.g., benzene rings or phenyl groups), 
side branches, etc., present in the bond paths between O and Q, the shortest bond path 
between O and Q may include 4 atoms, 5 atoms, 6 atoms, 7 or more atoms, etc, where 
the shortest bond path is the path between two points containing the fewest number of 
15 atoms. 

c 

As an example, in certain cases, a structure may include one or more 
conjugated portions between O and ci . As a specific example, if the conjugated 
portion of the structure includes at least 4 carbon atoms, the structure may be 
represented as: 



20 




where the structure \ — comprises at least one conjugated group, and 
comprises at least one or more carbon atoms not conjugated to the structure V — In 
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ceitain specific cases, the structure V — may comprise at least two, three, or four 
conjugated groups. Non-limiting examples of multiple conjugated groups include: 




OY 




OY 



5 R R 

where each R shown above independently can be hydrogen or an organic moiety such 

as an alkyl group or an aromatic group. In certain instances, two or more R's together 

in the structures above may define a conjugated group. 

c 

Other examples of include, but arc not limited to: 
R 



10 




=N 



\ 
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where each R shown above independently can be hydrogen or an organic moiety, such 
as an alkyl group or an 2iromatic group, M is a chalcogen such as oxygen or sulfur, 
and Y is one of H or SiRs, where each of the R's in SiRs can independently be 
hydrogen or an organic moiety. In some cases, any of the organic moieties described 
above may include a conjugated group. In certain instances, two or more R's together 
in the structures above may define a conjugated group. 



As another example, a structure may be able to react with an electrophile. 
In one set of embodiments, the electrophile may be a strong electrophile, i.e., as 
previously described. 



Other non-limiting examples of suitable organic moieties within structure ^ 
include amines (e.g., primary, secondary, tertiary, or quaternary amines), or structures 
such as: 



where each R in this structure may be hydrogen or an organic moiety, and M is a 
chalcogen. In some cases, all of the above R moieties can be hydrogen. 
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In another set of embodiments, at least a portion of the composition or 
precursor is able to cyclize upon reaction or other interaction of the composition or 
precursor with an analyte. In certain instances, the resulting cyclized product may 
have a greater emissivity and/or band gap than the composition or precursor. In one 
embodiment, a reaction of a composition or precursor having a structure: 



with a compound having a structure Z — may result in at least a first product having 
a cyclic structure: 



and a second product having a structure X — OY (there may be additional products as 
well, in some cases). In the first product, the atom originally bonded to the OY group 
is now bonded to the Q atom, as represented by the vertical line and the loss of the 
OY group fi-om the structure (i.e., as a leaving group). In one embodiment, the 

compound having the structure 2 X is an electrophile. 

In one embodiment, the composition or precursor may have a high degree of 
specificity to an electrophile, e.g., having an electrophilic atom such as an 
electrophilic phosphorous, sulfur, or arsenic atom. Such compositions may be 
generally unreactive to other compounds that do not contain electrophilic 
phosphorous, sulfur, or arsenic atoms, for example, acids or other background 
compounds. In one embodiment, the composition or precursor has a structure: 



where 5 represents a nitrogen atom. The compositions or precursors, in some cases, 
may be used to specifically detect or determine a single analyte, or certain types or 
ranges of analytes, for example, analytes containing electrophilic phosphorous, suifiir, 
and/or arsenic atoms. The compositions or precursors of the invention can be used in 
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certain instances to distinguish the analyte(s) from other compounds with a high 
degree of sensitivity. 

In some cases, a composition or precursor of the invention can react or 
otherwise interact with an analyte to produce a composition having a structure: 



R 




5 R 

where each R shown above can be hydrogen or an organic moiety. In some cases, at 
least one of the R moieties, singly or together, may include at least one conjugated 
group. In the above structure, each of Bl and B2 is a single bond or a double bond 
such that Bl and B2 are not both double bonds. Other compositions, of course, may 
10 be produced in the above-described reaction as well. For example, in certain cases, 
the composition or precursor is able to react with an analyte to produce a composition 
having a structure such as the following: 



R R R 




R 
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where each R may be hydrogen or an organic moiety. In certain instances, two or 
more R's together in the above structures may define a conjugated group. 

In another embodiment of the invention, a composition or precursor of the 
invention may be used to detect a broad range of analytes, e.g., not limited only to 
electrophiles having an electrophilic phosphorous, sulftir, or arsenic atom. Thus, in 
certain instances, the composition or precursor may exhibit broader reactivity to 
different analytes or reactants, for instance, to other electrophiles or alkylating agents, 
acids (e.g., or Lewis acids), nucleophiles such as fluoride, etc. In one 
embodiment, the composition has a structure: 



where Q represents an oxygen atom. In some cases, the composition or precursor is 

able to react with the analyte to produce a composition having a structure: 
R 



where each R in the above structure can be hydrogen or an organic moiety. In some 
cases, at least two of the R moieties together may define a conjugated group. Non- 
limiting examples of such structures have been previously described. In one 
embodiment, all of the above R moieties are hydrogen. 

In another set of embodiments, any of the compositions or precursors 
described herein may have increased conjugation upon reaction or other interaction 
with an analyte such as an electrophile, relative to the analyte and the initial 
composition or precursor, and/or to any of the compounds involved in the reaction 
producing the composition having increased conjugation. For example, the resulting 
composition may have increased conjugation between two conjugated groups not 
previously substantially conjugated before reaction of the composition with the 
analyte. In certain cases, the resulting composition may have increased structural 
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rigidity, relative to the analyte and/or the initial composition or precursor, and/or to 
any other compounds involved with the reaction producing the resulting composition. 

In yet another set of embodiments, the composition or precursor of the 
invention can be represented by a structure: 

5 EP — ER — OY 

where EP comprises an electron-poor moiety, ER comprises an electron-rich moiety, 
and Y is one of H or SiRs, where each of the R's can independently be hydrogen or an 
organic moiety. Suitable electron-poor and electron-rich moieties have been 
described above. Upon reaction or other interaction of an initial composition or 

10 precursor (which may be substantially non-emissive in some cases) with an analyte 
(e.g., an electrophile, an alkylating agent or a phosphate ester, etc.), a resulting 
composition of the reaction/interaction may have a higher degree of emissivity, a 
higher band gap, and/or a higher quantum yield than the initial composition or 
precursor. In certain cases, the resulting composition may have a quantum yield of at 

15 least about 40%, at least about 45%, at least about 50%, or at least about 55% or 

more. In some cases, these composition may have broader, non-specific reactivity to 
the analytes. 

Fig. 3 shows an example of chemical groups that are reactive with any of the 
analytes previously described, for example, analytes having phosphate ester groups, 

20 e.g., as found in chemical warfare agents and insecticides. In Fig. 3, structure 1 130, 
upon reaction with phosphate ester structure 1 132 results in cyclization of the 
compound to form structure 1 134. Typically, reporter chromophores such as group 
1 130, when present, have higher energy absorptions and can be less emissive than 
reporter chromophores having structures such as structure 1 134. In the transformation 

25 from a less emissive to a more emissive structure, the band gap of the composition 
changes from high to low. A specific example of structure 1 130 is structure 1 136 in 
Fig. 3B, which undergoes cyclization upon reaction with a phosphate ester structure 
1 132 through intermediate 1 138 to produce a cyclized compound 1 140. In this 
example, X can be CI, F, CN or other electron-withdrawing substituents; Y can be 

30 hydrogen or SiRs; and Yi and Y2 can be conjugated groups such as aromatic rings. 
Other examples of structures that are sensitive to phosphate esters are shown as 
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groups 1 142-1 146, where Y can be hydrogen, an alkyl group or an alkoxy group, 
preferably methyl and methoxy and hydrogen. Y can also be SiRa, which can provide 
selectivity to agents such as those having X=fluorine atom in position "X." 

In another aspect, the composition or precursor of the invention includes a 
5 polymer. As used herein, a "polymer" is an extended molecular structure comprising 
a backbone which optionally contains pendant side groups, where the "backbone" 
refers to the longest continuous bond pathway within the polymer. In cases where the 
composition or precursor is a polymer, the entire polymer backbone (or a substantial 
portion) may be conjugated and the polymer is referred to in such cases as a 

10 "conjugated polymer." Polymers having a substantially conjugated pi-backbone 
capable of conducting or transmitting electronic excitions are typically referred to as 
"conducting polymers." In certain cases, the polymer may be substantially planar. 
An example of a conjugated pi-backbone defining essentially a plane of atoms are the 
carbon atoms of a polyacetylene chain. Other non-limiting examples of polymers 

15 useful in the invention include polystyrenes, polyethylene oxides, polyethylenes, 
polysiloxanes, polyphenylenes, polythiophenes, poly(phenylene vinylene)s, 
polysilanes, polyethylene terephthalates, poly(phenylene ethynylene)s and other 
polyarylenes, polyarylene vinylenes, polyarylene ethynylenes, ladder polymers, etc. 
Those of ordinary skill in the art will be aware of other suitable polymers. In some 

20 cases, the polymer of the composition or precursor may include a ladder polymer, for 
example, for structural or molecular stability or rigidity. As used herein, a "ladder 
polymer" is a polymer having a backbone that can only be severed by breaking two 
bonds. Non-limiting examples of such ladder polymers include polythiophenes, 
polypyrroles, polyacetylenes, polyphenylenes and substituted derivatives thereof 

25 In one set of embodiments, the polymer backbone is conjugatable to at least 

one chromophore. For example, the chromophore may be substantially unconjugated 
to the backbone, but, upon reaction or other interaction of the composition or 
precursor to an analyte, at least some of the chromophores become conjugated to the 
backbone, for example, through a chemical reaction. In certain instances, a 

30 composition or precursor of the invention may be conjugatable to at least two 

chromophores, at least three chromophores, at least five chromophores, at least ten 
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chromophores, at least twenty-five chromophores, at least fifty chromophores, or at 
least one hundred or more chromophores. In some embodiments, the polymer 
backbone includes a plurality of chromophores optionally interrupted by conjugated 
and/or non-conjugated groups. Non-conjugated groups include saturated units 
moieties, as a chain of alkyl groups optionally interrupted by heteroatoms. In one 
embodiment, the polymer backbone, which can be either conjugated or non- 
conjugated includes a chromophore attached as a pendant group. In certain other 
embodiments, the polymers can either comprise chromophore monomeric units (e.g., 
within a polymer backbone), or chromophores interspersed between other conjugated 
groups. In some cases, one or more monomeric units can combine to form a 
chromophore. For example, in polythiophene, the chromophore may include one or 
more thiophene groups. 

The polymer may be, in some embodiments, a homo-polymer or a co-polymer 
such as a random co-polymer or a block co-polymer. In one embodiment, the 
polymer is a block co-polymer. An advantageous feature of block co-polymers is that 
the effect of a multi-layer can be mimicked without requiring multiple layers or 
multiple polymer types. Each block of the co-polymer can have different band gap 
components and, by the nature of the chemical structure of a block co-polymer, each 
block can be segregated. Thus, by using such structures, amplified emissions can be 
achieved with block co-polymers, and a broad scope of structures can be produced. 
Band gaps, amplifications and selectivities for analytes within such a polymeric 
structure can be achieved in many cases by modification or incorporation of different 
polymer types into a block co-polymer, in some cases, the co-polymer can be varied 
(e.g., continuously) to give a tapered block structure. In certain cases, the co- 
polymers can be synthesized by either step growth or chain growth methods. Those 
of ordinary skill in the art will know how to design and synthesize appropriate co- 
polymers. 

In one set of embodiments, a polymeric precursor of the invention may have a 
structure: 




q — J 
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where I is a substantially pi-conjugated polymer backbone (e.g., any of the above- 
described polymers), Cj is non-existent or comprises at least one conjugated group 
(e.g., as previously described), and J is a moiety, such as an aromatic moiety or a 

conjugated group, not substantially pi-conjugated with I. In one embodiment, Cj may 
comprise one or more thiophene moieties, for example, as in an oligomeric chain: 



where n is any positive integer (e.g., from 1-100, from 1-50, from 1-20, from 1-10, 
from 1-S, etc.). In other embodiments, Cj may comprise conjugated groups such as 
one or more double and/or triple bonds, benzene rings, naphthalene rings, anthracene 
rings, frirans, etc. Other suitable conjugated groups have been previously described. 

In one set of embodiments, J may be any structure able to react or otherwise 
interact with an analyte. In some cases, J may be a structure that is substantially non- 
emissive, but becomes emissive upon reaction or other interaction of the structure 
with an analyte. In certain instances, J may be a structure that is emissive, but is able 
to increase or decrease its emissivity upon reaction or other interaction with an 
analyte. In one embodiment, J may comprise any structure described herein, e.g., a 
structure such as: 



as previously described. 

In some embodiments, the above-described polymer is able to react with an 

analyte such that J becomes pi-conjugated with at least one of I and Cj (if present) 
upon reaction or other interaction of J with an analyte (e.g., a chemical warfare agent 
or an electrophile). In another embodiment, a polymer, upon reacting or interacting 
an analyte, is able to form a composition having an emissivity and/or a band gap that 
is altered with respect to the initial polymer (i.e., the emissivity and/or band gap may 
increase or decrease). In yet another embodiment, the polymer, upon reacting or 
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interacting with an analyte, may form a polymer having an enhanced quantum yield 
with respect to the initial polymer. 

Any of the reactions producing compositions of the invention described above 
(e.g., from compositions or precursors such as those described herein) may be carried 
5 out under suitable conditions that can be determined by those of ordinary skill in the 
art. In some cases, the reactions may be carried out under ambient conditions (e.g., in 
air at a temperature of about 25 ®C and about 1 atm), or outside or "field" conditions. 
For example, a sensor containing a composition or precursor may be brought to a site 
suspected of being contaminated with, e.g., from one or more detectable analyte land 
10 mines, unexploded ordinances, chemical warfare agents, etc. The sensor may be used 
to detect the presence, location, and/or concentration of the analytes that may be 
present at the site. 

In another aspect, a sensor of the invention may also include an article able to 
provide enhanced rigidity, sensitivity, selectivity, stability, or a combination of any 

15 number of these and/or other features, to any of the above-described compositions or 
precursors in the sensor. The article is typically positioned adjacent the composition 
or precursor and may be, in some cases, selected from the group consisting of beads, 
nanoparticles, polymers such as polymer fibers, waveguides, and a film. In other 
cases, the article may include a species selected from the group consisting of a 

20 biological species, a polymer, a ceramic, a conductor and a semiconductor. Examples 
of biological species include, but are not limited to, a peptide, an oligonucleotide, an 
enzyme, an antibody, a fluorescent peptide, a fluorescent oligonucleotide and a 
fluorescent antibody. Non-limiting examples of polymers suitable for the article 
include polystyrene, polyethylene oxide, polyethylene, polysiloxane, polyphenylene, 

25 polythiophene, poly(phenylene vinylene), polysilane, polyethylene 

terephthalate,poly(phenylene ethynylene), polyarylenes, polyarylene vinylene, and 
polyarylene ethynylene. Examples of semiconductor and luminescent materials 
suitable for the article can be selected from the group consisting of solids and 
nanoclusters; examples of semiconductor materials include, for instance. Group IWI, 

30 Group IWy and Group IV semiconductors such as CdS, CdSe, InP, GaAs, Si, Ge and 
porous silicon. One non-limiting example of a suitable conductor is colloidal gold. 
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Non-limiting examples of suitable ceramics include glass, quartz, titanium oxide and 
indium tin oxide. The above examples are non-limiting and other equivalents can be 
readily determined by those of ordinary skill in the art. 

In one set of embodiments, a sensor of the invention is capable of enhancing 
5 the emission of a composition or precursor able to react or other interact with an 

analyte for example, after binding of the analyte to the precursor or composition. For 
example, a sensor can be provided comprising a composition or precursor positioned 
adjacent a waveguide. Light emitted by the composition (e.g., reaction or interaction 
with an analyte) in one area can be captured by internal reflection within the sensor 

10 (e.g., within the substrate), then reabsorbed and/or re-emitted in a different region of 
the sensor. Sequential light emission and resorption cycles may increase the 
sensitivity of the sensor in some cases, as this process can occur multiple times before 
reaching a detector, thus illustrating a sensor having enhanced sensitivity. 

An example of a device that can achieve this effect is shown in Fig. 4, where a 

15 sensor 290 (e.g., a film of material) includes a composition or a precursor of the 

present invention. The sensor is excited by a source of energy 291, and emission 292 
is detected fi*om the sensor, for instance, from an edge of an opposite side of the 
support 290. Thus, Fig. 4 illustrates an embodiment of the invention having an 
enhanced sensitivity of a composition or precursor (e.g., as previously described) to 

20 an analyte. In some cases, a further optimization of this device can be achieved by 
using a waveguide. For example, excitations in the device caused by light (e.g., upon 
reaction or other interaction of a composition or precursor to an analyte) can be 
initiated at one terminus of the waveguide, and at least a portion of the light emerging 
from an opposite terminus will have undergone multiple emission and re-absorption 

25 cycles, thus displaying an enhanced sensitivity. 

In some embodiments, sensors such as those described above may include 
more than one composition and/or precursor. For example, in one embodiment, the 
sensor may comprise a first layer containing a first composition/precursor and a 
second layer containing a second composition/precursor, the first layer being 

30 positioned adjacent or proximate to a second layer. An energy migration pathway is 
continuous through the first and second layers. Chromophores may be present in the 
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first and second layers. This arrangement is similar to placing amplifiers in series. If 
an emission of light is initiated in the first layer containing the first 
composition/precursor and the emitted light is collected fi"om the second layer 
containing the second composition/precursor, then a net amplification is the product 
5 of the amplification contributed by each of the two difiTerent composition/precursors 
may be detected. For example, Fig. 2A shows first and second portions 951 and 953 
in parallel within a sensor device (which, e.g., may include layers or other regions of 
compositions/precursor within the sensor). Emission 950 having a first energy, may 
be emitted fi-om first portion 951 and emission 952 having a second energy may be 

10 emitted fi*om second portion 953. Fig. 2B schematically shows portions 951 and 953 
placed in series, (e.g., as a double layer,) and energy can migrate along an energy 
migration pathway 958 to provide amplified emission 954, which may be thought of 
as a product of the emissions of compositions 951 and 953 (i.e. emission 950 times 
emission 952). Fig. 2C shows an article 961 having more than one layer, where 

15 energy migration can occur along an energy pathway 962, resulting in enhanced 

emission 956 from article 961 which can be thought of as a product of the emission of 
each of the individual portions. 

The following examples are intended to illustrate certain aspects of certain 
embodiments of the present invention, but do not exemplify the full scope of the 

20 invention. 

Example 1 

This example illustrates the use of various compositions and precursors of the 
invention to detect certain highly toxic organophosphonates and other electrophilic 

25 phosphorous-containing analytes. Examples of highly toxic organophosphorates 
include reactive volatile organophosphonates such as tabun, sarin, and soman, which 
are powerful inhibitors of acetylcholinesterase, an enzyme critical to nerve function. 
The interruption of this enzyme has rapid and fatal consequences to mammalian life, 
and is the basis of certain chemical weapons often referred to as "nerve gas." Related, 

30 but less toxic compounds, such as diisopropylfluorophospate ("DFP") and 

diethylchlorophosphate ("DCP"), have generally similar reactivity as the above highly 
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toxic organophosphonates and can also be detected with certain embodiments of the 
invention, but since these compounds lack the efficacy of typical nerve gas, these 
compounds can be used more safely as model or *test" compounds that can be 
detected by various embodiments of the invention. 
5 The sensors described in this example are generally able to respond to the 

reactivity of the organophosphonates that provides the basis of their toxicity. One 
mechanism of action of the above-described nerve agents is the reaction of an agent 
with a hydroxy group to form a phosphate ester at the catalytic site of 
acetylcholinesterase. The sensors described in this example are generally able to 

10 transduce the conversion of a hydroxyl group upon reaction of the agent with a 
precursor of the invention to form a phosphate ester moiety, and produce a signal 
indicative of such a reaction. The precursors in this example are able to exhibit 
bathochromic absorption and fluorescence in response to reaction with an agent and 
the formation of reactive phosphate esters, indicating the presence of such a reaction. 

15 These precursor compositions use intramolecular cyclization reactions, which are able 
to treinsform flexible non-planar weakly, non-substantial conjugated chromophores 
into rigid planar highly delocalized compositions due to cyclization. In addition to 
generating detectable spectral shifts, the transformation to a rigid cyclized 
composition may produce a significant increase in the emission efficiency of the 

20 composition, relative to the precursor. 

Precursors 1 and 2 in Fig. 5 are thienyl-pyridyl and phenyl-pyridyl systems, 
respectively. As illustrated in Fig. 5, these precursors were shown to undergo an 
intramolecular nucleophilic substitution reaction, after the initial formation of a 
phosphate ester by reaction with a reactive phosphate. The precursors in Fig. 5 were 

25 studied as both free alcohols (OH) and silylated (OSiRs) variants, with the silylated 
group offering preferential specificity for P-F groups such as those found in DFP, 
sarin, and soman. After cyclization to a cyclized form represented as l^A', precursor 
1 was shown to have a strong charge transfer optical transition between the electron- 
rich thienyl group and the electron-poor pyridinium. The cyclized composition was 

30 produced under certain forcing conditions. As detailed in Table 1, composition l'^A~ 
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gave significant red shifts and dramatic increases in fluorescence quantum yield upon 
interaction with an analyte, relative to precursor. 



Table 1. Spectral data in CH2CI2.*' 



Compound 


Abs. Max^ (log e) 


Em. Max.* 


Quantum 
Yield (%) 


1 


314(3.88) 


370 


4.90 


2 


273 (3.89) 


345 


<0.01 


3 


291 (4.06) 


385 


13.1 




310,353 (3.71, 
3.85) 


412 


39.6 


2*A- 


290 (4.12) 


382 


52.5 


3^A- 


275, 340(4.16, 
3.84) 


465 


61.9 



5 ^Given in nm. Determined on the purified compounds. 

Precursor 2, with a phenyl ring in place of the thiophene, had a somewhat 
more favorable cyclization geometry than precursor 1, and was found to react with 
both DFP and DC? to give the highly fluorescent cyclized composition 2^A\ As 

10 shown in Fig. 6, in contrast, simple protonation of the pyridine nitrogen in precursor 2 
by HCl produced a minimal fluorescence response. The specificity of precursor 2 to 
organophosphonates, illustrated in Fig. 6, was believed to be due to the fact that the 
aromatic rings in precursor 2 was able to undergo geometrical (vibrational-rotational) 
changes in the excited state that facilitated non-radiative processes and thus 

15 dramatically lower quantum yield. Highly efficient fluorescence was observed in 
composition 2^A" after the cyclization reaction, which is believed to cause the 
elimination of intramolecular rotation about the phenyl-pyridyl bond. The sensitivity 
of this sensory scheme was directly related to the rate of the cyclization reaction, with 
higher rates giving lower detection limits. Monitoring the reaction in situ by NMR 

20 analysis further revealed that the reaction of DFP with precursor 2's alcohol group 
(1:1 stoichiometry) to form the intermediate phosphate ester was fast, relative to the 
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cyclization reaction of precursor 2. Hence, by reacting precursor 2 (8x10 M) with a 
hundred-fold excess of DFP (8x10"* M), the cyclization reaction of precursor 2 was 
shown to be rate-limiting and could be studied under pseudo first-order kinetics. The 
emission of composition 2^ A' provided a convenient concentration measurement that 

5 proved to be kinetically well-behaved, with a pseudo first-order rate constant of 
kobs=0.0014 s ^ Precursor 2's response can also further enhanced by certain 
amplification methods known to those of ordinary skill in the art. 

Precursor 3 was shown in this example to have superior reaction kinetics with 
respect to precursors 1 and 2, due to the restricted conformation of the naphthalene 

10 group that favored intramolecular cyclization and the substitutionally activated alpha- 
aryl phosphate ester intermediate. Precursor 3 also offered additional spectroscopic 
advantages upon interaction of the precursor with an analyte, such as longer 
wavelength emissions and absorptions, as well as relatively strong fluorescence in its 
native state, which thus allows for precursor 3 to be used directly in certain 

15 ratiometric detection schemes. Fig. 7A shows responses of precursor 3^A' in a 
cellulose acetate film to DFP, DCP, and HCl. In this thin film, the emission 
wavelengths were shifted to higher energy relative to the solution values (see Table 1) 
and occurred at about 375 nm and about 438 nm for precursor 3 and composition 3"*" A" 
respectively, suggesting that the cellulose acetate exhibited less dielectric relaxation 

20 about a more polar excited state. The reaction and cyclization rates of precursor 3 
were sufficiently fast that detailed kinetics were not possible, and the reaction rate in 
CH2CI2 was estimated to be kobs > 0.024 s'\ or at least 17 times faster than precursor 
2. This faster reaction rate is also reflected in the rapid responses of thin films to 10 
ppm vapors of DFP (Fig. 7B). The lower quantum yield for composition 3^A' 

25 observed in Fig. 7B at about 1 second and about 5 seconds were likely due to 

protonation of the pyridine and/or the trzmsient intermediacy of the phosphate ester. 

In summary, this example illustrates useful functional sensors for detecting 
reactive phosphorous compounds such as DFP, as well as actual chemical warfare 
agents. Given its high sensitivity and specificity, compounds such as precursor 3 may 

30 be viable indicators for the detection of certain chemical warfare agents. 
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Example 2 

This example demonstrates the suitability of compound 91 in Fig. 9 for the 
detection of certain chemical warfare agents and other electrophilic phosphorous- 
containing analytes. The hydrolysis of sarin and related agents can produce HF, 
5 which can be detected by precursor 91, in a reaction that causes the formation of 
coumarin composition 92. As shown in Fig. 10, the fluorescence intensity of a sensor 
containing precursor 91 increased almost proportionally to the time upon exposure to 
a sarin derivative, DPP. The background emission produced by the sensor may 
originate from a small amount of coumarin composition 92 formed as a by-product 

10 during the synthetic production sequence of precursor 91. The fluorescence signal 
was amplified in this example for the sensory application. 

Precursor 91 included a silyloxy group, and it was also demonstrated in this 
example that precursor 91 was able to react with a fluoride ion to give a highly 
fluorescent coumarin composition 92. The anion generated from the Si-O cleavage 

15 during reaction with the fluoride ion behaved as a strong nucleophile, and caused a 
fast cyclization of precursor 91 to coumarin composition 92. The above reaction was 
found to work under both organic (e.g., TBAF in THF) and aqueous conditions (e.g., 
CsF orNaP in H2O). 

Next, a system was demonstrated where a bithiophene-substituted sensor 

20 molecule was incorporated into a conjugated polymer, shown as polymer 94 in Fig. 
11 A. The exposure of polymer 94 to either fluoride or DPP was found to cause the 
formation of a new bandgap of the conjugated polymer, leading to detectable 
amplified wavelength shifts of the polymer. Further, the bithiophene was found to 
bring the emission wavelength of the resulting polymer to near the visible range. 

25 The preparation of polymer 94 required the synthesis of monomer 93, which 

was prepared as follows (see Fig. 1 IB). Molecule 95, a precursor of monomer 93, 
was first synthesized by divergent synthesis and then separately synthesized by a 
more efficient convergent synthesis. The optimized conditions for the divergent 
synthesis pathway are shown in Fig. 1 IB. As the synthesis of molecule 95 using 

30 divergent synthesis involved several difficult purifications, a simpler approach was 
also devised using a convergent synthesis approach, shown in Pig. 1 IC. The target 
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molecule was modified slightly as monomer 96 in Fig. 1 IC, The synthesis of 
monomer 96 using convergent synthesis involved fewer steps and gave a much higher 
yield than did the divergent synthesis pathway. This approach also involved a 
modular strategy, and this modular strategy can also be applied to the preparation of 
5 various other polymers of the invention. For example, other monomers, such as those 
illustrated in Fig. 1 ID, useful for producing certain polymers of the invention, can be 
synthesized using techniques similar to those described in this example. 

While several embodiments of the invention have been described and 
illustrated herein, those of ordinary skill in the art will readily envision a variety of 

10 other means and structures for performing the functions and/or obtaining the results or 
advantages described herein, and each of such variations or modifications is deemed 
to be within the scope of the present invention. More generally, those skilled in the 
art would readily appreciate that all parameters, dimensions, materials, and 
configurations described herein are meant to be exemplary and that actual parameters, 

15 dimensions, materials, and configurations will depend upon specific applications for 
which the teachings of the present invention are used. Those skilled in the art will 
recognize, or be able to ascertain using no more than routine experimentation, many 
equivalents to the specific embodiments of the invention described herein. It is, 
therefore, to be understood that the foregoing embodiments are presented by way of 

20 example only and that, within the scope of the appended claims and equivalents 

thereto, the invention may be practiced otherwise than as specifically described. The 
present invention is directed to each individual feature, system, material and/or 
method described herein. In addition, any combination of two or more such features, 
systems, materials and/or methods, if such features, systems, materials and/or 

25 methods are not mutually inconsistent, is included within the scope of the present 
invention. 

In the claims (as well as in the specification above), all transitional phrases 
such as "comprising," "including," "carrying," "having," "containing," "involving," 
and the like are to be understood to be open-ended, i.e. to mean including but not 
30 limited to. Only the transitional phrases "consisting of and "consisting essentially 
of shall be closed or semi-closed transitional phrases, respectively, as set forth in the 
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United States Patent Office Manual of Patent Examining Procedures, Section 
2111.03. 

What is claimed is: 



